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RMSE root mean square error 






This thesis aims to investigate the interaction between hydrological and ecological 
processes by developing practical and reliable models to quantify and evaluate key water 
and carbon variables, therefore assist natural resources management and potential 
decision making implications. 
The literature review stands upon the fundamental plant regulation of key terrestrial water 
(evapotranspiration (ET) and streamflow (Q)) and carbon (gross primary production 
(GPP)) exchanges and highlights the challenge and requirement of systematic 
understanding and quantification of these processes using simple and robust approaches 
considering anthropogenic climate change. Consistent findings following this motivation 
demonstrate that: (1) Coupled water and carbon fluxes as regulated by plant stomata can 
be represented by a simple and robust diagnostic model (PML_V2) for simultaneous 
simulation of ET and GPP at ecosystem scale (examined at 9 Australian eddy-covariance 
flux sites); (2) Systematic investigation of catchment water (ET and Q) and carbon (GPP) 
quantity and variation can be achieved by developing a simple semi-process-based 
ecohydrological model (XAJ-PML_V2, examined at 63 Australian catchments). 
Preliminary model experiment suggests a 12% increase in Q with only 4% decrease in 
ET, due to stomata closure in response to a 45% increase in atmospheric CO2 
concentration (anthropogenic climate change); (3) Transpiration (T) estimates as 
constrained by GPP (using PML_V2 model) exhibit high variation across seasons and 
sites (while uncertainty remains high), which can partially be attributed to spatiotemporal 
variations in vegetation index and precipitation (examined at 15 grasslands, 89 site-years); 
and (4) Coupled relationship between photosynthesis and transpiration enables water 
based interpretation of carbon process, leading to the development of an analytical 
method for estimating the maximum light use efficiency (𝑚𝑎𝑥) (that is key for estimating 
GPP) by implementing the water use efficiency principle (examined at 52 eddy-
covariance flux sites across distinct photosynthetic species (e.g., C3, C4) and various 
biome types (e.g., forest, grass)). 
This thesis provides systematic understanding of water and carbon processes over 
ecosystem and catchment scale using modelling approaches. Particularly, two 
ecohydrological models have been developed to simulate streamflow, evapotranspiration 
and gross primary production systematically. Variation and uncertainty of water estimates 
XIV 
 
are investigated based on carbon constraint. An analytical method is developed to 
evaluate key parameter for GPP estimation based on vegetation water use. To better 
interpret and quantify key ecohydrological processes under anthropogenic climate change, 
the models built in this thesis need to be further developed through better model structure, 
advanced parameterization schemes or multi-data sources. 
Key words: ecohydrology, water and carbon interaction, evapotranspiration, 
streamflow, light use efficiency, water use efficiency, model, climate change 
